Background: Controversies still prevail on glomerular changes of kidney whether due to normal aging or its association with diseases. Objective: The aim of the present study was to see the variation in number and size of the glomeruli of kidney with increasing age in a Bangladeshi population based on autopsy. Methods: This cross-sectional, descriptive study was done in the
Introduction
specialized concentrated fluid called 'urine'. By doing so kidney excretes the metabolic waste products, precisely regulates the body's concentration of water and salt and maintains the appropriate acid-base balance of plasma 2 . This functional richness is reflected in its structural complexity especially in the filtrating part 2, 3 . Renal corpuscle, the filtration component of kidney, consists of glomerulus and Bowman's capsule 3, 4 . Glomerulus is a tuft of capillaries composed of 10-20 capillary loops, where blood flows through to undergo a filtration process to produce the initial urine filtrate 4 . Several studies suggested age related changes in the number and size of glomeruli in normal people [5] [6] [7] . Glomerulopathies are the most common cause of end-stage renal disease 8, 9 . Not only do different diseases primarily affecting the glomerulus have clinical features in common but, because of the limited number of ways in which tissue can respond to injury, there may be similarities in structural changes as well. Hence, disease process of the kidney somehow associated with varying degree of changes in glomeruli ranging from proliferation and exudation to thickening of basement membrane and necrosis or sclerosis. 8 Several studies suggested that changes in the number and size of glomeruli have been linked to some renal and systemic diseases 9, 10 . However, discrepant findings exist among studies of changes in the average glomerular size with aging. Some have reported the glomerular surface area or volume to decline with age, 5,11 whereas others have found no change 12 or an increase with age 6, 13, 14 . Besides its size, glomerular density (number of glomeruli per area of cortex) is an inversely proportional surrogate for the average nephron size 15 . Glomerular density inversely correlates with glomerular size and is a potent predictor of GFR decline in early IgA and membranous nephropathy 16, 17 . Thus, controversies still prevail on glomerular changes of kidney whether due to normal aging or its association with diseases. Therefore, we proposed this microscopic study to see the variation in number and size of the glomeruli of kidney with increasing age in a Bangladeshi population (who were not suffering from known kidney disease). The results of the present study are expected to enrich the information pool for researchers and clinicians and can be used as a standard reference for the kidney of Bangladeshi people.
Methods
This cross-sectional, descriptive study was done in the Department of Anatomy, Dhaka Medical College, Dhaka, from July 2008 to June 2009, based on collection of 140 post mortem human kidneys collected from 70 unclaimed dead bodies which were in the morgue under examination in the Department of Forensic Medicine, Dhaka Medical College, Dhaka. All the samples were taken from medicolegal cases excluding poisoning, any cutting or crushing injury to the kidneys, kidney found in one side or grossly abnormal in shape/ size and from patients suffering from any kidney disease. The present study was approved by the Ethical Review Committee of Dhaka Medical College, Dhaka.
Grouping of the samples:
For convenient description of various changes of the glomeruli of the kidney in relation to age, the collected samples were divided into three age groups including 10-19 years, 20-39 years and 40-59 years, according to Darmady et al. 5 .
Procedure of histological study: Tissue blocks were fixed in 10% formol saline in a plastic container. The tissues were washed in running tap water, dehydration was done with ascending grades of alcohol, cleared with xylene, infiltrated and embedded in paraffin. Paraffin blocks were cut at 5mm thickness and were stained with routine Harris' Haematoxylin and Eosin (H & E) stain. Five best prepared slides from group A, ten from group B and five from group C were examined under light compound microscope (Olympus CHB, Made in Japan).
Counting of number of glomeruli:
For counting the number of glomeruli the slides were viewed under low magnification (×10 objectives, ×10 eyepiece). The number of glomeruli per unit area of microscopic field for each slide was calculated by point counting technique and their mean is recorded, according to Nurunnabi et al. 18 .
Measurement of size (average diameter) of glomeruli:
For measurement of diameter of glomeruli, the slides were also examined under low magnification (×10 objectives, ×10 eyepiece), by using a stage micrometer and ocular micrometer. Two measurements were taken for each glomerulus. One measurement was taken at the maximum transverse diameter of the glomerulus (Figure 1 ) and the other was perpendicular to the previous one. Hence, the transvertical diameter of the glomerulus was measured by taking the mean of the two diameters as follows:
Average diameter = (Maximum transverse diameter + Maximum perpendicular diameter) ÷ 2
The stage micrometer calibration was focused under 10 objective and the ocular micrometer calibration was super imposed on them in such a way that the starting mark on the ocular micrometer matches exactly with the starting mark on the stage micrometer. Then the marker on the stage and ocular micrometer that corresponds to each other most closely was noted. In this way, determination of how many of the smallest division of the ocular micrometer corresponded with how many of the smallest division of the stage micrometer was done. Then the calculation was done to determine the average diameter of each glomerulus of kidney and converted into a ìm value, according to Nurunnabi et al. 18 .
as mean and SD. The comparison between the right and the left was done by using unpaired Student's 't' test and in between different groups by One-way ANOVA test.
Results
In the present study, the mean ±SD number of glomeruli per sq. mm found in the right and left kidney were 8 
Statistical processing of data:
The data collected were processed and statistical analyses were done by using SPSS version 13.0. Data was expressed
Discussion
The association of lower glomerular number with hypertension and renal insufficiency was described in the 1930s. Hence, low glomerular number has become an important determinant of hypertension and renal disease 8 . Moore 19 concluded that the normal human kidney from birth to the age of 40 years contained 0.8×10 6 glomeruli with a range of (0.60 to 1.2)×10 6 . After 40, there was a steady loss of nephrons. Tauchi et al. 20 examined the kidneys of Japanese and Caucasians and reported a decrease in the number of parenchymal cells and tendency to increase in the size of cells as the main characteristics of senile changes. The size of glomeruli did not show any marked change with age in Caucasians, whereas in Japanese, there a significant decrease was evident in their size. Dunnill & Halley 21 stated that the total number of glomeruli in both kidneys were 210,106. The number remained at approximately same in all cases until 36 years, then the number declines. Mclachlan 22 reported that between fourth and seventh decades, glomerular number becomes a half. Anderson & Brenner 23 suggested that the number of functioning glomeruli declines roughly with the changes in the renal weight with age. Hoy et al. 12 performed a multiracial study on 78 kidneys and found the glomerular number ranged from 210,332 to 1,825,380; however, it decreased throughout adult life. He concluded that people with low glomerular number are predisposed to renal insufficiency. Darmady et al. 5 studied 105 human kidneys from term to 101 years and observed that after the third decade sclerosing glomeruli were present in all ages and at the same time there was reduction in the size of glomeruli and number of nephron with age. Goyal 6 studied with 100 human postmortem kidneys from 1 to 70 years of age and found the number of the glomerular tuft per unit area decreased significantly with advancing age. Alam 24 28 , showed that counts yielded 33,786±3,753 labeled glomeruli (n=5 kidneys) and acid maceration counting of contralateral kidneys yielded an estimate of 30,585±2,053 glomeruli (n=6 kidneys). Besides, disector/fractionator stereology counting yielded an estimate of 34,963 glomeruli (n=2). The differences among those research results may be attributable to differences in racial distribution and measurement techniques.
Conclusion
Our study revealed that there is no difference in number and size of glomeruli between right and left kidney. Besides, no statistically significant difference is evident in number and size of glomeruli among different age groups in Bangladeshi population in the present study. Hence, according to our findings, we are in favour of the proposition that changes in the number and size of glomeruli may be linked to renal and systemic diseases; and less likely with advancing age.
